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ABSTRACT 
Differential centrifugation and density gradient isopycnic centrifugation have been used to 
fractionate homogenates of rat spleen and, in a few experiments, of rat thymus and cervical 
lymph nodes. The fractions have been analyzed for proteins, DNA, RNA, cytochrome oxi- 
dase, esterase,  and up to  11  acid hydrolases.  The results obtained indicate that  the hydro- 
lases  are  associated,  at  least  largely,  with  cytoplasmic  particles  of lysosomal  nature,  and 
suggest further that these particles belong to two, and  possibly three,  distinct populations, 
perhaps reflecting the cellular heterogeneity of the tissues. The populations are identified as: 
(a)  the L19  population, the most important group, containing all 12 hydrolases and charac- 
terized  by a  modal density  of about  1.19  in  a  sucrose--0.2  M KC1  gradient;  (b)  the  L15 
population with a  modal density of 1.15,  a  group of apparently incomplete lysosomes con- 
taining cathepsin D  and a few other enzymes, but very poor in, or entirely devoid of, several 
acid hydrolases,  including cathepsins  B  and  C;  (c)  the L~0  population,  comprising all  12 
enzymes and banding together with the nuclei at a density of 1.30 or higher. Lack of success 
in separating the latter group from the nuclei renders its significance unclear. 
INTRODUCTION 
In the preceding paper of this series, methods have 
been  described  for  the  homogenization  of  rat 
lymphoid tissues and for the assay on such homog- 
enates  of  cytochrome  oxidase,  csterase,  and  11 
acid  hydrolases  known  to  be  associated  with 
Iysosomes  in  liver  (6).  Evidence  has  also  been 
presented that the hydrolascs occur in the homog- 
enates  in  partly  latent  and  sedimcntable  form, 
suggesting  their  association  with  lysosomcs.  In 
the present paper arc reported the results of various 
fractionation experimcnts designed to characterize 
further the particles containing the acid hydrolascs 
in the lymphoid tissues of rats. 
MATERIALS  AND  METHODS 
Rat  lymphoid  tissues  were  homogenized  in  0.2  M 
KC1 with the Dounee homogenizer,  as described in 
the first paper of this series (6).  In most cases,  organs 
from several rats  were  pooled  for  each experiment. 
Fractionation  of rat-spleen  hornogenates  by  dif- 
ferential eentrffugation was carried out according to 
the procedure developed for rat liver by Appelrnans 
et al.  (1),  except that 0.2 M KC1 was used as suspen- 
sion medium. 
In  the  density  gradient  isopycnic  centrifugation 
experiments, whole hornogenates  were layered above 
a  linear  sucrose  gradient  generally  extending  be- 
tween density values of 1.10  and  1.30; the gradient 
itself rested on a 0.3 rnl cushion of a sucrose solution 
of density  1.35.  In  order  to  avoid  agglutination  of 
particles,  KC1 at a  uniform 0.2 M concentration was 
included  throughout  the  gradient  and  underlying 
cushion.  The  tubes  were  centrifuged  for  2~  hr  at 
39,000  rprn.  in the  SW-39 swinging-bucket rotor  of 
the Spinco model L preparative ultracentrifuge.  After 
centrifugation,  the  tube  contents  were  divided  into 
about  a  dozen  fractions  by  means  of  a  sectioning 
device.  All rnanipulations  were  performed  with  the 
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Recovery Values 
The recovery is defined as the percentage ratio 
of  the  sum  of  the  values  obtained  on  the 
fractions  to  the  value  obtained  on  the  un- 
fractionated  homogenate. 
Standard 
No. of  Standard  error of 
Component  exps.  Recovery  deviation  the mean 
Acid phosphatase  11  95.0  12.9  3.9 
Aryl sulfatase  22  100.0  9.4  2.0 
Acid deoxyribo-  6  98.2  16.1  6.6 
nuclease 
Acid ribonuclcase  10  i05.2  20.8  6.6 
~-G1ucuronidase  7  98.8  10.6  4.0 
/3-Galactosidase  7  104.7  7.7  2.9 
N-acetyl-~-glu-  9  99.6  13.5  4.5 
cosaminidase 
~x-Mannosidase  9  93.2  16.9  5.6 
Cathepsin B  1  94.0  --  -- 
Cathepsin C  1  89.0  --  -- 
Cathepsin D  19  103.9  15.7  3.6 
Esterase  2  107.5  11.3  8.0 
Cytochrome oxi-  12  63.0  17.1  4.9 
dase 
Protein  10  102.0  5.8  1.8 
DNA  1  92.0  --  -- 
RNA  I  113.0  --  -- 
help  of the  equipment  described  by  de  Duve  et  al. 
(9)  and  Beaufay  et  al.  (2,  3),  and with  the various 
precautions recommended by these authors. 
The  fractions  were  analyzed  for  protein  and  for 
the total  activity of various enzymes according to the 
techniques  described  in  the  preceding  paper  (6), 
except  in the case of acid phosphatase which  neces- 
sitated  a  more  sensitive long-term  assay,  patterned 
after  the  method  developed  by  Beaufay  et  al.  (2) 
for  rat  liver.  Incubation  took  place  for  16-20  hr  at 
37°C  in a  mixture containing 0.05  M /3-glycerophos- 
phate adjusted to  pH  5.0,  0.05 M acetate buffer,  pH 
5.0,  and 0.01%  sodium thiomersalate  (Eli  Lilly  and 
Co.,  Indianapolis)  as antiseptic. Inorganic phosphate 
was  measured directly  on the tube contents without 
preliminary  fixation  and  filtration.  Activities  deter- 
mined  in  this  manner  were  proportional  to  the 
amount of enzyme added, but were lower in absolute 
value than the activities measured by the short-term 
assay because the reaction kinetics are not linear over 
these  long  incubation  times.  DNA  was  estimated 
according  to  Burton  (7)  and  RNA  according  to 
Schneider  (16).  The density of each fraction isolated 
in  the  isopycnic  experiments  was  measured  as  de- 
scribed by Beaufay et  al.  (3). 
In  all  experiments,  the  results were  expressed  as 
percentage of the sum of the amounts recovered in all 
the  fractions.  Table  I,  which  summarizes  all  the 
results described in this and in the subsequent paper 
(5)  of this series,  shows that  this sum did  not differ 
significantly, on an average, from the value obtained 
on the original homogenate for arty of the substances 
or  enzymes measured except cytochrome oxidase,  of 
which  a  substantial  part  was  consistently lost  upon 
fractionation. 
The results of the differential centrifugation experi- 
ments are  represented  graphically  in the manner of 
de Duve  et al. (10). The procedures given by Beaufay 
et al.  (3) were followed to calculate the results of the 
isopycnic centrifugation experiments, which are rep- 
resented  in  the  form  of density-distribution  histo- 
grams, flanked  on  either  side  by blocks  constructed 
similarly over an arbitrary density span and referring 
to  the  material  accumulating  beyond  the  density 
limits  of the  gradient.  In  all  diagrams,  the  surface 
area of each block  is equal  to  the percentage  of the 
assayed  component  present  in  the  corresponding 
fraction;  the  total  surface  area  of the  diagrams  is 
equal to  100. 
In order to combine the results of different experi- 
ments,  the base of the  observed density distribution 
histograms  covering  a  density  range  between  1.12 
and  1.30  was  divided  into  nine  equal  sections  of 
density span Ap  =  0.02 and  the  fractional  areas  of 
the  histogram  included  in  each  section  were  then 
represented  by  rectangular  blocks  of  appropriate 
height,  to  form  a  new  histogram.  Arbitrary  bases 
extending  from  1.00  to  1.12  and  from  1.30  to  1.35 
were given to the blocks representing material present 
above  and  below  the limits of the gradient,  respec- 
tively.  Some  resolution  was  lost  by  this  process  of 
standardization, which, however, allowed easier com- 
parison and averaging of results obtained separately. 
RESULTS 
Differential Centrifugation 
Fig.  1  shows  the  distributions  observed  for 
cytochrome  oxidase and  for  l0  hydrolases follow- 
ing  fractionation  of  whole  spleen  homogenates 
by differential  centrifugation.  Spleen  differs from 
liver  in  contributing  a  larger  amount  of  protein 
to the N  and S  fractions, and a  smaller amount  to 
the  M  fraction  and  especially  to  the  P  (micro- 
somal)  fraction  which  includes  only  4%  of  the 
total  protein,  as compared  to  more  than  20 %  in 
the liver. 
As in  liver  (10),  cytochrome oxidase,  the mito- 
chondrial  marker,  is  distributed  over  the  first 
three  fractions.  Its  main  peak  occurs  in  the  M 
fraction,  which  contains  some  80%  of  the  total 
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Fmvu~ 1  Distribution patterns of rat-spleen enzymes, 
as established by differential centrifugation.  Fractions 
are plotted in the order of their isolation, i.e.  (from left 
to right) N, M, L, P, and S. Each fraction is represented 
separately in the ordinate scale by its own relative spe- 
cific activity (percentage of total activity/percentage of 
total  proteins).  In the abscissa  scale,  each fraction is 
represented  (cumulatively  from  left  to  right)  by  its 
percentage of protein. 
activity and  in which a  more than  5-fold increase 
in  relative specific activity is obtained. 
The distributions  observed for the various acid 
hydrolases differ from that of cytochrome oxidase, 
but also from each other and from those observed 
for the same enzymes in rat liver. In the first place, 
as was to be expected from the high free activities 
reported  in  the  preceding  paper,  a  fairly  large 
proportion of the total activity, variable from one 
enzyme  to  the  other,  was  recovered  in  soluble 
form  in  the  final  supernatant.  A  second  feature, 
common  to  all acid hydrolases,  is the  presence  of 
a  relatively large amount of activity in the N  frac- 
tion,  which  contains  more  acid  hydrolase  than 
cytochrome  oxidase  activity,  whereas  the  reverse 
relationship  holds  true  for  liver  (10,  17).  As  in 
liver, there is more acid hydrolase than cytochrome 
oxidase activity in the L fraction, and less in the M 
fraction.  However, none of the spleen acid hydro- 
lases show a  relative specific activity in the L  frac- 
tion as great as that seen for liver, where values of 
5  to  10 are observed. 
Roughly speaking,  the patterns observed for the 
acid  hydrolases  vary  between  two  extremes,  ex- 
emplified  by  N-acetyl-/3-glucosaminidase  and 
cathepsin  D,  respectively.  In  the  N-acetyl-/3-glu- 
cosaminidase  pattern,  which  is  also  shown  by 
aryl  sulfatase  and  a-mannosidase,  most  of  the 
activity  associated  with  the  cytoplasmic  particu- 
late  fractions  occurs  in  the  heavier  M  fraction, 
with very little in  the  L  and  P  fractions.  On  the 
other  hand,  cathepsin  D,  as  also  /3-galactosidase, 
exhibits  a  significant  peak  of  relative  specific 
activity in  the L  fraction.  The other acid  hydro- 
lases  are  distributed  in  a  manner  intermediate 
between these two patterns,  with acid phosphatase 
resembling cathepsin  D  most closely. Esterase,  an 
essentially microsomal enzyme in rat-liver homog- 
enates  (18),  displays  a  cathepsin  D  type  of pat- 
tern,  except that  it is practically absent from  the 
N  fraction,  in  contrast  with  all  other  hydrolases 
measured,  and  is  more  abundant  in  the  S  frac- 
tion.  Only  very  small  amounts  of  esterase  are 
recovered in the microsomal P  fraction. 
When the results described in Fig.  1 were com- 
pared  against  the  fragmentary  data  of a  similar 
kind  available in  the literature  (4,  8,  ll,  13-15), 
no conflict that  could  not be attributed  to differ- 
ences  in  experimental  procedures  was  detected, 
except  for  two  enzymes,  N-acetyl-/3-glucosamini- 
dase and a-mannosidase,  of which only very small 
amounts  were  recovered in  the  supernatant  frac- 
tion  from  rat  spleen  in  the  fractionation  experi- 
ments  of Conchie  and  coworkers  (8,  13).  These 
authors used 0.25 M sucrose as suspension medium 
and  it  seemed  of  interest  to  verify  whether  the 
TABLE  I1 
Influence of Suspension Medium  on Relative Content 
of  Supernatant  Fraction  in  Acid  Glycosidases 
Percentage  of  total  activity 
in  S  fraction 
0.2  M  0.25  M  0.25  M 
Enzyme  KCI  sucrose  sucrose* 
/3-Glucuronidase  39.5  36.1  53 
/3-Galactosidase  37.0  38.8  41 
N-aeetyl-/3-glucosaminidase  33.8  8.1  8 
a-Mannosidase  35.5  27.6  1 
* According  to  Levvy  and  Conchie  (13). 
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results could be due  to  the  difference  in  the  me- 
dium  employed.  For this purpose, homogenates of 
portions of the same spleens were prepared  in 0.25 
~t  sucrose  and  in  0.2  M KCI  and  centrifuged  for 
30 min at  100,000 g.  After decantation,  four acid 
glycosidascs  were  measured  on  the  pellets  and 
supernatant  fractions,  as  well  as  on  the  original 
homogenates.  The  same  total  activities were  ob- 
served  on  both  homogenates  and  the  recoveries 
were satisfactory in all cases.  In Table II are listed 
the percentages of activity recovered in the super- 
natant  fraction in the presence of the two media; 
the  results  given by  Levvy and  Conchie  (13)  for 
sucrose  homogenates  are  shown  for  the  sake  of 
comparison.  Substitution  of  0.25  M  sucrose  for 
0.2  M KC1  does  indeed  cause  a  considerable  re- 
tention  of N-acetyl-~-glucosaminidase in  the  par- 
ticulate fraction,  presumably owing to an adsorp- 
tion artifact; some retention of a-mannosidase also 
occurs, but not in a proportion sufficient to account 
for  the  extremely  low  value  reported  by  Levvy 
and  Conchie  (13).  The  distributions  of ~-galac- 
tosidase and of /3-glucuronidase were not  affected 
by the medium. 
Density-Co'adient Isopycnic Centrifugation 
Fig.  2  illustrates  the  various  bands  that  form 
following centrifugation of a  whole-spleen homog- 
enate  layered  over a  sucrose  gradient  containing 
0.2 M KC1.  They are, from top to bottom: 
1.  A  clear red layer extending from slightly below 
the meniscus to  slightly below the upper  limit 
of the gradient.  This layer represents the loca- 
tion  of the  homogenate  which  was  placed  on 
top of the  gradient,  but it is slightly extended 
owing to  sedimentation  of soluble  hemoglobin 
during the course of centrifugation. 
2.  A  sharp,  thin  band  around  a  density  of  1.13, 
light brown in color and  of unknown  composi- 
tion.  This band  is not very clear in the photo- 
graph. 
3.  A  thicker,  sharp  band  near  a  density  of  1.14, 
about the same color, also of unknown  compo- 
sition. 
4.  A  wide  brownish  band  contained  between 
density limits of roughly 1.16  to  1.18.  As will be 
shown,  the  mitochondria  are  concentrated  in 
this band. 
5.  A  compact, well defined  red band  at a  density 
of  1.20,  which  remains  unknown  in  composi- 
tion,  but  which  presumably  arises  from  the 
nuclear fraction since it was found to be absent 
when  a  cytoplasmic  extract  was  similarly 
centrifuged. 
6.  A  second, broader red band at a density of 1.26, 
which is composed mainly of red blood cells. 
7.  A  reddish-brown  band  resting  on  top  of  the 
FIGURE 2  Aspect  of  tube  after  iso- 
pycnic  centrifugation  of  rat  spleen 
homogelmte. For description  of bands, 
see text. 
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cushion  and  containing  mostly  nuclei  as  the 
microscopically recognizable component. 
The  distribution  patterns  observed  for  DNA, 
RNA, protein, cytochrome oxidase, and  12 hydro- 
lases  are  given in Fig.  3.  It is apparent  from  the 
DNA  distribution  that  nuclei  and  possibly  some 
unbroken  cells are located  in  the bottom fraction 
of the gradient. RNA likewise is present in the bot- 
tom fraction, but an  additional  amount  is  distri- 
buted in the less dense region of the gradient, prob- 
ably representing ribosomes in the process of sedi- 
menting.  Cytochrome  oxidase,  the  marker  for 
mitochondria,  shows  a  very sharp,  narrow  distri- 
bution with a  peak  at a  density of about  1.17.  A 
small amount of cytochrome oxidase is also found 
at the bottom,  suggesting that  some mitochondrla 
either agglutinate to nuclei or sediment inside un- 
broken  cells.  Much  protein  is  present  in  the  top 
and  bottom  fractions.  Within  the  gradient  itself 
the amount of protein varies somewhat from frac- 
tion  to  fraction,  but  without  evidence of a  clear 
peak  in  the  mitochondrial  region.  This  finding 
contrasts  with  the  protein  distribution  in  liver, 
FIOURE 8  Distribution  patterns  of rat- 
spleen enzymes, DNA, RNA, and protein, 
as established by isopycnic centrifugation 
in a sucrose--0.~ M KC1 gradient. Central 
pattern  is true histogram, normalized as 
explained under Materials and Methods. 
Blocks on either side represent  material 
falling outside limits of gradient and have 
been  constructed  over arbitrary  density 
spans.  When  more than  one experiment 
has been performed, diagrams show aver- 
age  of  results  with  standard  deviation, 
and  number  of  experiments  between 
parentheses. 
where the mitochondria represent as much as 25 % 
of  the  total  protein.  From  the  relative  specific 
activity of cytochrome oxidase, which  exceeds  l0 
in the purest fraction, it appears that spleen mito- 
chondria  account  for less  than  10a/o of the  total 
protein  of the tissue. 
The distributions of the hydrolases have several 
features  in  common.  As would  be expected from 
the  results  of  differential  centrffugation,  a  con- 
siderable  portion  of  hydrolase  activity,  roughly 
equivalent  to  that  recovered  in  the  S  fraction 
(Fig.  1),  remains  in  the top layer in  soluble,  un- 
sedimentable form.  An additional  10-20°7o  of the 
activity  accompanies  the  nuclei  in  the  bottom 
fraction.  This  localization  recalls  the  similar  as- 
sociation with the N  fraction observed after differ- 
ential  centrifugation  (Fig.  1),  except  that  it  in- 
cludes esterase, which is virtually absent from the 
N  fraction.  The remainder of the hydrolase activ- 
ities is distributed  broadly over most of the gradi- 
ent, forming roughly similar patterns which clearly 
differ from the narrow  cytochrome-oxidase band. 
Comparison  of  the  individual  hydrolase  dis- 
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characterized  by  a  modal  density  of about  1.19, 
with  variable  additional  complexities.  The  dom- 
inant  pattern  is  shown  most clearly by  those  en- 
zymes,  such  as  N-acetyl-fl-glucosaminidase  and 
aryl  sulfatase,  which  after differential  centrifuga- 
tion  are  concentrated  mostly  in  the  M  fraction 
(Fig.  1). The greatest deviation from the dominant 
pattern  characterizes  cathepsin  D,  the  only  en- 
zyme  showing  an  actual  shift  of  the  peak,  to  a 
density  of about  1.15.  Cathepsin  D  also  exhibits 
the  greatest  deviation  from  the  N-acetyl-fl-glu- 
cosaminidase pattern  after differential centrifuga- 
tion, with a clear-cut peak in the L fraction (Fig. 1). 
This  correlation  between  the  results  obtained  by 
the  two  techniques  holds  true  for most other  en- 
zymes,  as can  be seen by examining the distribu- 
tions  of esterase,  fl-galactosidase,  and  acid  phos- 
phatase,  which  are intermediate between  those  of 
N-acetyl-fl-glucosaminidase and of cathepsin  D  in 
the  two  types  of experiments,  as well as  those  of 
the  nucleases which  in  both  cases resemble fairly 
closely  that  of  N-acetyl-fl-glucosaminidase.  A 
striking  exception  is  represented  by  a-mannosi- 
dase which, although sedimenting largely with the 
M  fraction upon differential centrifugation,  shows 
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after  isopycnic  centrifugation.  This  peak,  which 
has  been  diminished  somewhat  by  the  statistical 
process used to represent the histogram, comes out 
very sharply after favorable sectioning of the tube; 
it is exhibited by no other enzyme of the group and 
appears  to  characterize  a  unique  association  of 
~-mannosidase  activity with  material  banding  at 
a  density  of  1.13,  but  presumably  of sufficiently 
large size to sediment mostly with the M  fraction. 
This  material  may  be  represented  by  the  thin 
sharp band No. 2 seen in Fig. 2. Diffusion or sedi- 
mentation  of soluble enzyme molecules, which  in 
some cases may be responsible for part of the activ- 
ity recovered in the first gradient fraction, has been 
definitely ruled out as a  cause of the  1.13  c~-man- 
nosidase peak, by isopycnic experiments performed 
on an S fraction. Attention is finally called to the 
fact that cathepsins B and C  definitely exhibit the 
dominant symmetrical distribution pattern around 
a  modal  density  of  1.19,  clearly differing in  this 
respect from cathepsin D. 
Attempts to verify the correlation outlined above 
between the results of differential and of isopycnic 
centrifugation  by subfractionating  isolated  N,  M, 
L, and  P  fractions in a  density gradient met with 
limited  success,  owing  mainly  to  interference  by 
agglutination  artifacts.  In  one  experiment  per- 
DNA 
1.12 L21 1.30 
1,05  IA9  FIGtntE  4  Distribution  patterns  of rat- 
spleen enzymes and DNA, as established 
by isopycnic centrifugation. Upper group 
of  diagrams  is  taken  from Fig.  3.  Two 
lower  groups  refer  to  experiments  per- 
formed  with  stractan  gradients  at  two 
different  KC1  concentrations.  Diagrams 
are constructed as in Fig. S. 
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~IGURE 5  Distribution patterRs of aryl sulfatase, eathepsin D and protein ill three rat lymphoid tissues, 
as established by isopycnic centrifugation in sucrose=0.~ M KC1 gradients. Patterns for spleen are from Fig. 
8. Diagrams are constructed as in Fig. 8. 
formed  on  a  spleen  cytoplasmic  extract  (homog- 
enate  minus  N  fraction),  and  in which  only aryl 
sulfatase was measured, complete absence of bands 
5, 6, and  7 (Fig. 2) and of the activity accumulat- 
ing at the bottom of the gradient was observed. 
A  few  preliminary  experiments  were  also  per- 
formed  with  iso-osmotic gradients  made  up  with 
stractan  (Stein,  Hall  &  Co.,  New  York),  a  high 
molecular  weight  polysaccharide  extracted  from 
Western  Larch  trees,  which  dissolves  readily  in 
water to make solutions of density as high as  1.20 
and  of very low viscosity.  This  technique,  which 
appears  to  hold  some  promise,  is  still in  the  ex- 
perimental  stage as it is complicated  by the pres- 
ence of colored and  other impurities in  the com- 
mercial  samples  of stractan  available  at  present. 
The  results  obtained  in  these  experiments  are 
shown in Fig. 4 as they tend to illustrate what are 
probably  osmotic shifts in the equilibrium density 
of all three  particulate  components,  nuclei,  mito- 
chondria,  and  hydrolase-containing  particles,  de- 
pending on the composition of the medium.  Simi- 
lar shifts have been observed by Beaufay et al.  (3) 
on  rat-liver  particles  equilibrated  in  glycogen 
gradients.  It will also be noted that the amount of 
acid hydrolases associated with the DNA-rich frac- 
tion  in  the  sucrose  gradient  could  not  be  clearly 
resolved from the DNA band  in a  stractan-0.2  M 
KC1 gradient. 
In Fig. 5 are represented the distributions found 
for aryl  sulfatase,  cathepsin  D,  and  proteins  after 
subjecting homogenates of thymus and  of cervical 
lymph  nodes  to  isopycnic centrifugation  in  a  su- 
crose gradient.  In thymus,  the two enzymes show 
essentially  the  same  distribution  patterns  as  in 
spleen,  except  that  they occur in  larger  amounts 
in  the bottom fraction and  in smaller amounts  in 
the top layer; the difference between cathepsin D 
and aryl sulfatase shows up in a  particularly strik- 
ing fashion in the thymus results.  In lymph nodes, 
aryl  sulfatase  is  again  characterized  by  a  sym- 
metrical  pattern  around  a  modal density of  1.19, 
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tion, with one peak in the 1.15 region characteristic 
of this enzyme in spleen and thymus, and a second 
peak at 1.19. 
DISCUSSION 
The  results just described  strengthen the  conclu- 
sion that the acid hydrolases studied are associated 
with  lysosome-like  particles  in  spleen  and  other 
lymphoid  tissues.  In the  preceding paper  of this 
series,  these  enzymes were  shown  to  display  the 
typical  lysosomal  property  of latency  and  some 
experimental  arguments  were  brought  forward 
in support of the contention that  this property is 
due, as in liver, to the segregation of the enzymes 
within fragile  particles bounded by a  membrane 
impermeable  to  externally added  substrates  (6). 
The  fractionation  data  recorded  in  the  present 
paper make it clear  that  the  particles containing 
the  hydrolases  can  be  differentiated  from  mito- 
chondria  on  the  basis  of both  sedimentation co- 
efficient  and  equilibrium  density.  There  seems 
little justification for  denying these  particles  the 
name of lysosomes, especially in view of presently 
available evidence of both biochemical and mor- 
phological  nature demonstrating the  existence  of 
such particles in practically every animal cell type 
in which they have been searched for. 
One objection to the extension of the lysosome 
concept to  spleen and other lymphoid tissues has 
been  the  finding  of  considerable  differences  in 
distribution  between  individual  acid  hydrolases 
(13).  Such  heterogeneity has  also  been observed 
in this work,  although not to the extent reported 
by Levvy and C onchie (13) for some glycosidases. 
Part of the discrepancies between our results and 
those  of the  Scottish workers could be attributed 
to  the use by the latter authors of 0.25 ~  sucrose 
as suspension medium, which,  in our experience, 
may cause agglutination and possibly also adsorp- 
tion  artifacts  (Table  II).  The  virtual absence  of 
soluble a-mannosidase in spleen homogenates re- 
ported by them must remain unexplained; it may 
be related to our own observation of a  unique as- 
sociation  of  part  of  this  enzyme  with  material 
exhibiting an equilibrium density of 1.13. 
Leaving aside this discrepancy, it is obvious that 
the  12  enzymes  studied  simultaneously  in  the 
present work  do  not  show  exactly  the  same dis- 
tribution pattern in the fractionation systems used, 
and that this heterogeneity must be accounted for 
if lymphoid-tissue lysosomes  are  to  be  properly 
understood.  Two  possibilities may be considered. 
Either the tissues contain a  single, highly hetero- 
geneous population of lysosomes,  or they include 
two  or  more  distinct populations,  each  of which 
could be, though it does not necessarily have to be, 
enzymatically homogeneous.  In our opinion, the 
results obtained in  the  fractionation experiments 
are more easily interpreted in terms of the latter 
hypothesis, which is also more plausible in view of 
the well known cellular heterogeneity of lymphoid 
tissues. On a  priori grounds, it appears likely that 
if cells as different from each other as lymphocytes, 
reticular ceils, and macrophages all contain lyso- 
somes,  the  latter  may  have  different  enzymatic 
properties in each cell type. They could also have 
different physical properties  causing them  to  be- 
have differently in the fractionation systems used. 
Some enzymes, such as N-acetyl-t3-glucosamlni- 
dase and aryl sulfatase, display in the body of the 
gradient an  essentially unimodal and  symmetric 
density distribution with a  peak at  1.19.  This pat- 
tern may be taken to characterize a first lysosomal 
population,  which  will be  termed  L19. For  tech- 
nical reasons, aryl sulfatase has been selected as a 
marker for this population. Diverging most mark- 
edly from the L19 pattern is cathepsin D. Consider- 
ation of the distributions observed for this enzyme 
in  the  three  lymphoid  tissues  (Fig.  5)  suggests 
that it is associated pardy with the L19 population 
and  partly  with  another  population,  called  L15, 
with a  peak at a  density of 1.15.  This is particu- 
larly clear in lymph nodes where the contribution 
of cathepsin D  to the L19 population is sufficiently 
important to bring out a  second peak at  1.19.  In 
spleen and especially in thymus, the relative con- 
tribution of the  enzyme to  the  L19  population is 
smaller and shows up simply in the asymmetry of 
the  distribution on  the  dense  side.  With  the  ex- 
ception of that of a-mannosidase, all other hydro- 
lase distributions within the body of the gradient 
can  be  accounted  for  satisfactorily  by  assuming 
variable contributions to the L~9 and L15 popula- 
tions (Fig. 3). As already pointed out, enzymes as- 
sociated  predominantly with  the  L19  group  tend 
to be concentrated largely in the M  fraction upon 
differential  centrifugation;  significant  contribu- 
tions  to  the  El5  population enrich  the  lighter  L 
and P  fractions (Fig.  I). 
Examination  of  the  distribution  diagrams  in 
the light of this hypothesis indicates that  the L~9 
group  represents the main lysosomal population; 
it is also essentially complete in that it appears to 
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other hand, the L15 group seems to be deficient in 
numerous  enzymes,  being  characterized  largely 
by  cathepsin  D  and  by  proportionately  smaller 
amounts of acid  phosphatase,  esterase  and  /3-ga- 
lactosidase. It seems very poor in, or could be prac- 
tically  devoid  of,  N-acetyl-fl-glucosaminidase, 
aryl  sulfatase,  acid  nucleases  and,  interestingly 
enough, cathepsins B and C. It may therefore con- 
tain  a  relatively  incomplete digestive  system  and 
this  makes  its  cellular  localization  and  function 
particularly intriguing. 
a-Mannosidase,  which otherwise appears  as an 
essentially  L19  enzyme,  is  characterized  by  a 
unique secondary and very sharp peak at a density 
of  1.13;  its contribution  to  the  soluble fraction is 
correspondingly  smaller  than  that  of  the  other 
enzymes, even though its free activity is among the 
highest observed  (6).  For  these reasons,  and  also 
owing  to  the  fact  that  even  less  ~-mannosidase 
activity was  recovered  in  the  soluble fraction  by 
Levvy and  Conchie  (13),  it is tempting to invoke 
some kind of specific adsorption artifact; but there 
is no conclusive evidence to support this interpreta- 
tion.  In any case,  it seems likely that the  1.13  ot- 
mannosidase peak does not denote the presence of 
particles  of lysosome  nature. 
The  case  of esterase  is also  an  interesting one. 
In liver, this enzyme appears as microsomal upon 
differential centrifugation,  and as lysosomal when 
revealed on intact tissue sections by cytochemical 
staining  methods.  This  discrepancy  has  evoked 
considerable discussion (see, for instance references 
12,  18).  It  has  been  suggested  that  the  hepatic 
esterase may be loosely attached to  the surface of 
the lysosomes and be translocated onto the micro- 
somes upon homogenization. In spleen, the enzyme 
appears to be at least partly lysosomal, but occurs 
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